Methods: p. 6, line 25-26, change "pregnancies" to "women" (You don't recruit a pregnancy!) p. 7, lines 20-11, how valid is maternal recall at 6 and 18 months as measure of breastfeeding duration? Was any information collected about infant formula and/or solid foods? p. 6, lines 51-54 states that a comprehensive neurodevelopmental assessment was performed -this seems to be a missed opportunity for a more innovative analysis (e.g. including other, less well-studied measures of cognition in addition to -or instead of --IQ) p. 9, lines 15-22, strongly consider excluding children with medical disorders that substantially impact cognitive performance p. 9, line 28, is association of "day care before age 3" with IQ in the same direction as other variables listed here? Not sure why included in a list of otherwise more clearly developmentally adverse exposures.
Statistical Analysis It appears that the 1 month cut point derived from the spline model, is this correct? Please clarify.
Supplementary Analyses
Unclear why birth weight and gestational age are conceptualized as intermediates, since both of these precede the exposure.
Results
Suggest showing spline model as a Figure Table 1 Many of these associations appear u-shaped e.g. maternal IQ across breastfeeding categories from low to high is 100 94 97 102 103, please comment.
Birth weight reflects both length of gestation and fetal growth. Suggest including a measure of fetal growth (e.g. birth weight z).
Suggest showing gestational age in weeks rather than days. Discussion p. 13, lines 36-38 suggest saving methodologic comments like this one re bias to later in Discussion section p. 14, line 21, 3 point difference is certainly important (as noted later in Discussion) but not "marked" as stated here, suggest toning down this language Introduction 1.
I wonder if the authors could include recent papers dealing with the subject in the Economics literature such as Fitzsimons and Vera-Hernández (2016) , Rothstein (2013) and Borra et al. (2012) .
Methods

2.
It would be nice if we could see if there is any sample selection resulting from the fact that only 78% of LDPS participants included breastfeeding information. A mere comparison of mothers' age and education would probably suffice. 3.
I like the idea of considering core confounders and a more extensively adjusted model. However, from my point of view only pre-birth confounders should be considered in the core group. Any post-birth variable could be determined jointly with breastfeeding and should only be considered in the extended model. Introduction P5 L 21 It would be worth adding a line on the key findings of these RCTs. L 30 The authors state "in some studies" but provide one reference only. Please also add further details on what these confounders are. L 38 Could the authors provide an estimate of what they mean by "relatively small". Methods P6 L 49 Can the authors present some data on whether the 51% participating mother-child pairs are representative of the LDPSthis could be added to the results section. P8 L 25-30 Are there any systematic differences between those individuals for whom data are available and those without data? L 48-54 This is difficult to follow, please consider rephrasing. P9 L 4 Please provide further details on what the variable "parity" refers to. L 26 Considering that the authors imply that one of the key features that distinguishes their study from previous investigations is that they account in their analyses for potential cofounders such as the home environment, more details about the home environment index could be provided. For instance, it is unclear why this has been dichotomized. L 34 I suppose the authors mean maternal age at pregnancy? P10 L 4 Please provide details on why a categorical instead of a continuous variable was used for the main analyses. L 6 Given the current wording it is unclear whether the continuous breastfeeding duration variable was added to the model in addition to the categorical variable or were separate models were run with the continuous variable only. L 30 It is unclear what "health index" is referring to -I suggest replacing this with "child health status" which the authors have mentioned elsewhere in the manuscript. L 40 Please provide further details on the weighting. P11 L 4-8 These data should be added to the manuscript or supplementary material. Results L 45 While the authors initially refer to the mean age at follow up in months, they state the mean age and range in years in parentheses. Please add that the numbers in parentheses are years. L 51 The term "nulliparous" should be defined as this is not standard terminology and many readers of the BMJ Open may not be familiar with it. P12 L 4 Why did the authors use Spearman's rho to estimate the association between maternal IQ and child IQ when the data are expected to follow a normal distribution? L 6 Please also add effect sizes for other associations, for instance in the supplementary material. L 14 (and elsewhere) Please also state test conducted instead of the p-value only. L 25 Was there any adjustment for multiple testing? L 34-39 (and elsewhere) It is unclear why the authors did not analyse breastfeeding as a continuous variable in the first place? This could be addressed by adding one line to the methods section. L 53 Please add these analyses to the supplementary material. P14 L 53 Presumably N instead of n. P16 L 51 Consider replacing "flawed". P17 L 15 Could the authors provide further details on why an IQ difference of 3 is substantial from a public health perspective? Author contributions L 10 Please add who interpreted the results. 
REVIEWER
Georgios Markozannes PhD student in Epidemiology, Department of Hygiene and Epidemiology, University of Ioannina School of Medicine, Greece REVIEW RETURNED 02-Oct-2018
GENERAL COMMENTS
Thank you for the opportunity to review this manuscript. The study of Strøm et al. seeks to investigate the association of breastfeeding with child IQ at age 5 based on a sample from the Danish National Birth Cohort, the Lifestyle During Pregnancy Study. The study tackles the major topic of breastfeeding, concluding that breastfeeding (durations of breastfeeding of over one month compared to less than one month) may be beneficial in terms of child IQ at age 5. The results of this study are in line with the body of evidence in this research topic. However, there are several issues that need to be addressed for this study to be methodologically sound.
Major comments
The most important concern about this study is the vast amount of information that is not presented. The authors performed a large number of analyses performed and yet they only presented the results of two of the analyses. There are at least 10 more analyses (or supplementary analyses) that are only mentioned in text without specific, accompanied with the phrase "data not shown". At its current form this study lacks transparency. Not presenting the results and only stating that "associations were generally not statistically significant" can be considered as reporting bias. All these analyses could at least have been presented in supplementary tables or figures. Finally, information on the key outcome variables is also missing. As the authors stated, the mean score of their sample may deviate from the expected mean 100 SD 15 of the WPPSI-R, yet this information is not clearly presented overall and in each subgroup. The same hold for the dichotomized score, the number of children in each group should have been presented.
Another major concern is the inclusion of the psychologists (testers) as a covariate in the model. Since the testers were blinded to breastfeeding duration, breastfeeding and testers are independent. Including testers as model covariate is a case of over-adjustment and although it does not necessarily introduce bias, it does affect (inflates) the estimated standard errors and confidence intervals. Furthermore, it may affect the generalizability of the results. A model's estimates should be interpreted only within the space of included covariates, thus these estimates are valid only if one of the 10 psychologists evaluates the children and therefore the estimates cannot be generalized in the population. One possible solution would be to include the testers as random effects.
Moderate comments Please rephrase the statement "Breastfeeding was associated with approximately 3 points higher IQ..." in the abstract conclusions. In its current form it can be misleading, as it implies a comparison of breastfeeding versus no breastfeeding.
Regarding the logistic regression models, why did the authors not use a predefined cutoff for the WPPSI-R? More importantly, they do not specify what the cutoff values they used were.
It is also unclear how can the variables gestational age and birth weight be intermediate variables since both precede breastfeeding. These should have been included in the main analyses instead of the supplementary analyses.
The authors do not report the number of women that did not breastfeed. Also, the authors acknowledge the fact that breastfeeding and no breastfeeding women may have different characteristics, yet they did not perform an analysis excluding women that did not breastfeed at all.
The authors concluded that there is evidence of non-linearity based on a cubic spline model. Why did they not present those results? Those would be more informative than just the dichotomization of breastfeeding duration.
Minor comments
The p-value 0.04 in the abstract results seems incorrect (it does not appear in the main text or tables).
Regarding the restricted cubic spline model, although it may be reasonable for one to assume that they are equally placed at the 25th, 50th, and 75th percentiles, the actual position of the 3 knots is not stated. A different choice of knots may have an impact on the observed association.
Unless the authors refer to the 7-9 and 10+ months of breastfeeding groups as "longer periods", which they should have clearly stated in the text, the second paragraph of the results seems entirely inaccurate when looking at the results presented on table 1, In fact, when comparing the <1 months group to the 2-3 and 4-6 months groups, the associations are inverted for most of the variables described in that paragraph.
In This is an epidemiologic study that investigated the association of breastfeeding duration with IQ at 5 years of age. The study was conducted within a subsample (n=3478 dyads) of the Danish National Birth Cohort. The main finding was that breastfeeding longer that 1 month (vs. ≤1 month) was associated with 3 points higher child IQ at 5 years. This study has several strengths,
including the large sample size, high follow-up within identified sample, and adjustment for several important confounding variables, particularly maternal IQ and aspects of the child's early environment that are relevant to cognitive development. The manuscript is reasonably wellwritten.
A major limitation is that the findings reported do not appear to be novel or even substantially build upon the numerous prior studies on the topic (e.g. conclusion is virtually identical to result of meta-analysis cited by the authors). Perhaps the authors could better highlight what is unique about their study and/or take advantage of other available data in this cohort to increase the novelty of their study.
Author reply: We agree with the reviewers, that our findings are very much in line with the conclusions of the meta-analysis by Horta and Victora 1 (reference list at the very bottom of the document), and wish to highlight the following: Even in a population where by far the major part of women are breastfeeding, and where living standard is generally high, we find evidence of a beneficial relation between breastfeeding and IQ of the child, which is robust to adjustment for maternal IQ and other factors that relate to the home environment. According to the mentioned review and meta-analysis, studies have shown smaller effects in high-income settings. Our results are obtained in a high-income setting which reports one of the highest breastfeeding rates when compared to a study from 2016 in the Lancet 2 . We have added to our description of what our study adds in the discussion (p.15, l.10-14) . Furthermore, we are able to investigate the different durations of breastfeeding in relation with child IQ, which indicated that there was no linear association, but rather seemed to be a threshold, and that the mean difference of approx. 3 point lies between those that are breastfed for 1 month or less compared to those who are breastfed longer (when dichotomizing breastfeeding duration at 1 month, as described on p.13, l.22-24), while the mean difference is somewhat lower when we compare those that are breastfed for 6 months to those that are breatfed for longer (dichotomizing breastfeeding duration after 6 months, now described on p.13, l.24-25 ).
Additionally, I have several specific comments and suggestions, summarized here:
Abstract:
Comment about "maternal alcohol intake" is confusing here
Author reply: The mother-children pairs who participated in the 'Lifestyle during pregnancy study' were sampled from the large Danish National Birth Cohort (n>100.000) based on maternal alcohol intake, diet and breastfeeding. However, as this information may not be very important with regard to this particular study, we have now deleted this comment from the abstract.
Suggest omitting (unadjusted) correlation coefficient
Author reply: We assume that this comment is referring to the abstract, but in the abstract there is no mentioning of (unadjusted) correlation coefficient? If the reviewers refer to the p-value (from categorical chi 2 test)for the overall association between breastfeeding and child IQ, which incorrectly is given in the abstract as 0.04, this has now been corrected to 0.03, which is the correct value from the core adjusted analysis in Author reply: As the reviewer points out, this is related to confounding. What we mean by this, is that the causal factor behind the often observed association between breastfeeding and developmental outcomes could be some other familial factor, that is closely related with breastfeeding. The literature referenced in the text has pointed towards for example home environment or parental practices in this regard. If this were true, then an association between breastfeeding and developmental outcomes should diminish or become abolished upon adjustment for such factors, meaning that they are confounding the association between breastfeeding and developmental outcomes.
Methods:
p. 6, line 25-26, change "pregnancies" to "women" (You don't recruit a pregnancy!)
Author reply: We agree with the reviewer, and have changed the wording accordingly (p.6, l.13).
p. 7, lines 20-11, how valid is maternal recall at 6 and 18 months as measure of breastfeeding duration? Was any information collected about infant formula and/or solid foods?
Author reply: The information on breastfeeding was collected by telephone interviews when the children were 6 and 18 months old. The validity of measuring duration of breastfeeding in this manner has not been investigated, but similar assessment methods have been used in other large birth cohorts, including the Norwegian MoBa cohort (ref). While infant feeding practices were recorded 3-4 years before the assessment of the outcome for this study, namely child IQ at the age of 5 years, the mothers inevitably had to recall their practices used a few months before the actual assessment. We have now added this to the discussion (p.19, l.16-20) , as this might be seen as a weakness of the study, even if there is no reason to believe that this recall should be differential with respect to child IQ at the 5 year assessment. Furthermore, results based on these measures of exposure have been previously been published, for example in relation to developmental milestones (Oken et al., Am J Clin Nutr 2008 88(3):789-96 ), epilepsy (Sun et al., 2011, J Pediatr 158(6) :924 -9), and type 1 diabetes, which was actually a combined analysis using the norweigan and the danish birth cohorts (Lund-Blix et al., Diabetes Care 2017 40(7):920-7).
p. 6, lines 51-54 states that a comprehensive neurodevelopmental assessment was performedthis seems to be a missed opportunity for a more innovative analysis (e.g. including other, less well-studied measures of cognition in addition to -or instead of --IQ)
Author reply: We agree with the reviewer that this might add strength to the analysis, however as is often the case in such cohorts, there are many interests at hand, and at present it is unfortunately not possible to include other outcomes in these analyses.
p. 9, lines 15-22, strongly consider excluding children with medical disorders that substantially impact cognitive performance
Author reply: For such analyses as those presented in our manuscript we agree that it it would not be suitable to include children with conditions that might impair their participation in the various tests performed. This was also the case in our study; exclusion criteria for the LDPS were multiple pregnancies, inability to speak Danish, and impaired hearing or vision likely to compromise the ability to perform the cognitive tests, and congenital disorders that might lead to mental retardation (e.g. Downs syndrome, autism spectrum disorder, cerepral palsy etc.) 3 . However, it may still be relevant to take into consideration that some children take medication for a medical condition, for example for asthma and allergies, as was the case in our data. We therefore prefer to keep the analyses as at present, where we adjust for this, rather than to exclude these children from the analyses. In fact when we compare the IQ scores between those children who were classified as not having optimal health conditions we find that those with suboptimal health conditions have a mean above 100 (mean (standard deviation), min/max): 101.7 (15.1), 58/126; compared to 105.4 (12.7), 50/142 among children with optimal health conditions according to the classification. In an analysis, where these children were excluded, estimates were the same in the crude model, and somewhat weakened in the adjusted model, but remained statistically significant (categorical chi 2 test for overall association p=0.0451) and estimates for breastfeeding durations of 7-9 months and 10 months vs. 0-1 month were (mean difference (95% CI)): 2.75 (0.41;5.09) and 2.97 (0.54;5.35), respectively. p. 9, line 28, is association of "day care before age 3" with IQ in the same direction as other variables listed here? Not sure why included in a list of otherwise more clearly developmentally adverse exposures. Author reply: We apologise for not having referred entirely correctly to this particular item. The correct definition of this item is 'day care for more than 8 hours/day before age 3'. This has now been corrected in the manuscript text as well (p.9, l.17). This item is in the same direction as the others listed in the home environment index, and is seen as a measure of daily contact with parents / primary caregivers.
Statistical Analysis
It appears that the 1 month cut point derived from the spline model, is this correct? Please clarify.
Author reply: Our categorization, in particular, the categorization of <=1 month as the shortest period of breastfeeding, is described in methods and in the discussion (p.16, l.11-17) . The 1 month cut point for the dichotomized breastfeeding variable was not chosen based on the spline model, but rather on the results from the categorized breastfeeding duration. We furthermore dichotomized the breastfeeding variable at <=6 months, and found a larger mean difference in IQ score for the dichotomization of <=1 vs >1 month (mean difference (95%CI): 2.98 (0.86;5.11)), as compared to the dichotomization of <=6 vs >6 months (1.61 (0.29;2.93)), although both were statistically significant, as described in the results section (p.13, l.22-25).
Supplementary Analyses
Author reply: We agree with the reviewer that gestational age and birth weight should not be described as potential intermediates in the relation between breastfeeding and child IQ, and we have deleted this from the paragraph pointed out (p.11, l.24-25) .
Results
Suggest showing spline model as a Figure   Author reply: We have inserted a figure showing the spline model below. Due to the nature of the association, the subtle differences in IQ according to breastfeeding duration (with differences in the magnitude of 1-3 points), we do not find that the figure adds to the description and interpretation of the results. When considering this figure, please note, that the data points are quite sparse after 15-16 months duration of breastfeeding, and therefore should be disregarded. The main reason for performing the spline analysis was to determine whether a non-linear model would show a better fit compared to the linear model, as given in the manuscript p.14, l.3-5. Table 1 Many of these associations appear u-shaped e.g. maternal IQ across breastfeeding categories from low to high is 100 94 97 102 103, please comment.
Author reply: We agree with the reviewer, that for maternal IQ and parental education, the value is slightly lower for the shortest breastfeeding duration compared to those that breastfed 2-3 and 4-6 months. However, there is a trend across breastfeeding groups, which is why we have not described this in the manuscript previously. In response to another reviewer comment, we excluded women who never breastfed from the analysis (n=6), which led to a decrease in maternal IQ for the shortest breastfeeding duration (from 100.4 to 94.0). This is now described in the manuscript (p.14, l.7-10).
Author reply: Thank you for this comment. Of course we fully agree with the reviewer that birth weight reflects both length of gestation and fetal growth, and have in correspondence with the suggestion by the reviewer included in table 1 birth weight z-scores, and a short description of the calculations in the methods section (p.9-10, l.21-2). We would still like to keep gestational age in the table along with zscore for birth weight, but again, are willing to change this.
Suggest showing geational age in weeks rather than days.
Author reply: Thank you for this suggestion. We agree with the reviewer, that gestational age in weeks rather than days may be more readily interpretable for the reader and have changed this accordingly. Author reply: We agree with the reviewer that this can be omitted from the figure without any loss of information for this study. This has now been changed and a new figure 1 is uploaded along with the revised manuscript. Discussion p. 13, lines 36-38 suggest saving methodologic comments like this one re bias to later in
Discussion section
Author reply: We agree with the reviewer and have moved the section regarding the sampling frame to later in the Discussion section, where sources of bias is discussed (p.18, l.21-25).
p. 14, line 21, 3 point difference is certainly important (as noted later in Discussion) but not "marked" as stated here, suggest toning down this language Author reply: We have now changed this wording in the manuscript, and deleted the word 'marked' from the text (page, line).
p. 16, lines 6-8, is DHA added to formula in Denmark? If so, this is not a very compelling potential mechanism
Author reply: During the relevant period, DHA was only added to few special brands of formula. The youngest children in the Danish National Birth Cohort were born in 2003, and not until 2009 and onwards was it added to the most used brands of formula.
Methodologic limitations that should be explicitly acknowledged:
-Although measure of breastfeeding was continuous, information about "dose" during the period of breastfeeding was not measured (e.g. exclusive breastfeeding or not)
Author reply: We agree with the reviewer, that this should be added to the discussion of limitations of our measure of exposure. We have therefore now added this to the manuscript (page, line).
-Limitation to generalizability given the selection criteria for this sub-cohort of the Danish National Birth Cohort This paper analyzes the effect of breastfeeding on child cognitive outcomes taking into account the influence of maternal IQ using data from the Lifestyle During Pregnancy Study (Denmark). The methodology is that of simple OLS.
From my point of view, the paper is well written and deals with a very interesting subject. Nonetheless I may suggest a few improvements that can hopefully be included in a revision. Author reply: Thank you very much for bringing these interesting papers to our attention. We regret that these had not been considered in the first place. While the paper by Fitzsimons and VeraHernández (2016) seems to address a somewhat different research question compared to the present, the two papers by Rothstein (2013) and Borra et al (2012) have been included in the manuscript, in the introduction, and in the discussion section.
Methods 2. It would be nice if we could see if there is any sample selection resulting from the fact that only 78% of LDPS participants included breastfeeding information.
A mere comparison of mothers' age and education would probably suffice.
Author reply: Thank you for this suggestion, which we found very helpful. We compared the sample with information on breastfeeding with the full LDPS sample with respect to maternal age at pregnancy, education, smoking during pregnancy and marital status during pregnancy, and indeed the samples were very similar as shown in the Author reply: Thank for this positive comment. The core confounders were maternal IQ, parental education, maternal smoking during pregnancy, child's age at testing and testing psychologist. All of these were pre-birth potential confounders, apart from testing psychologist, which was included in the analyses primarily in order to reduce 'noise', and to try and secure internal validity, by making the results independent of the characteristic scoring method of each individual tester. In response to a comment made by reviewer 4 (see below), we conduced an analysis with testing psychologist as random effect, which did not change our results. Author reply: Thank you for this suggestion. We have added these studies to our comparison with previous studies in the field, in the discussion section (p.16, l.4-5 The main objective of this study was to examine the association between breastfeeding and child IQ at the age of 5 using data from the Lifestyle During Pregnancy Study and taking into account potential confounders such as maternal IQ and key environmental factors. With respect to the statistical analyses presented, the manuscript could be further improved by providing more details on why the authors focused their main analysis on breastfeeding as categorical rather than continuous variable. This is important considering that there are discrepancies in findings between analyses of categorical and continuous exposure and could also be further discussed.
Author reply: We agree fully with the reviewer that there are discrepancies between analyses of categorical and continuous exposure, and this is the reason why we chose to analyse breastfeeding duration both as a continuous measure (mean difference in IQ score pr month breastfeeding duration is given in the first result line in table 2, and the new tables 3 and 4 as well), and as a categorical measure (lower result lines in tables 2,3 and 4). The results from these, which we had a priori planned as our main analyses, pointed to a non-linear relation, which we subsequently tested by comparing a linear model with a spline model. Therefore, we believe, that we have not focused our main analysis on breastfeeding as either categorical or continuous, but wished to investigate both. Moreover, the authors present the conclusions of several analyses but do not show the results/data. These results/data should be included in a revision of the manuscript, either in the main manuscript or in the supplementary material. Some of the comments outlined below could have been addressed by providing the syntax for analyses and it might be worth considering adding these to the supplementary material as well.
Author reply: In response to the reviewer comments about showing more of the supplementary results in tables, we have now added two tables to the manuscript: table 3 shows the results for the verbal and performance IQ scales, respectively, in relation with breastfeeding duration; table 4 shows the results for full IQ in relation with breastfeeding duration stratified by child sex. Furthermore, we have added information to the manuscript regarding dichotomized IQ scores (see response to reviewer comment below), and we hope that the reviewer finds this satisfactory.
Overall, this is an interesting and relevant study with appropriate analyses that I consider suitable for publication in BMJ Open subject to thorough revisions. Please find more detailed comments below.
Author reply: Thank you very much for these comments, and the comments below, which we have used to amend the manuscript. Author reply: Parity in biology, refers to the number of times a woman has given birth. We have changed this, so that this information is included in the text, and now it reads: 'parity (0, 1, ≥2 previous births)' (p.9, l.3).
L 26 Considering that the authors imply that one of the key features that distinguishes their study from previous investigations is that they account in their analyses for potential cofounders such as the home environment, more details about the home environment index could be provided. For instance, it is unclear why this has been dichotomized. Author reply: In accordance with previous comments from the reviewer, we have now omitted mentioning this variable in the abstract. The dichotomization of the variable was decided upon as primary strategy was laid out for analyses based on the LDPS, in a similar manner as including testing psychologist in the adjusted analysis models. The usefulness of the variable is, that even if it is quite simple, it may be possible to discern a group of children who are more likely to have a less stimulating home environment, and to take this into consideration in the analyses.
L 34 I suppose the authors mean maternal age at pregnancy? Author reply: This is correct, thank you for pointing this out. We have now changed this in the manuscript (p.9, l.20).
P10
L 4 Please provide details on why a categorical instead of a continuous variable was used for the main analyses. Author reply: This must have been unclear in the text. We used both a continuous variable, and a categorical variable, respectively. We have now changed the phrasing of this, so that now it reads: 'The exposure variable, breastfeeding duration, was examined in relation to child IQ both as a continuous variable (breastfeeding duration in months), and categorized as any breastfeeding ≤1 month, 2-3 months, 4-6 months, 7-9 months or ≥10 months.' (p.10, l.11-13).
L 6 Given the current wording it is unclear whether the continuous breastfeeding duration variable was added to the model in addition to the categorical variable or were separate models were run with the continuous variable only. Author reply: We acknowledge that since the relation between maternal and child IQ was expected to be (at least close to) linear, and each of the two to follow a normal distribution it might have been in its place to estimate the covariance using Pearson correlation. Therefore we have now computed both, and Pearson yielded a very similar result, and due to the constraints of Pearson (constant variance and linearity) we prefer to present the results of the Spearman correlation analysis. We are of course willing to change this if the reviewers prefer that we do that. L 6 Please also add effect sizes for other associations, for instance in the supplementary material. Author reply: We have added two more tables regarding supplementary analyses to the manuscript in response to review, with results that show the relation between subscales of IQ with breastfeeding, and stratified analyses by child sex. However, we find that the associations between covariates in the models, with the outcome, may be of less importance, and therefore prefer to present them briefly in text. However, if the reviewer wishes to, we will be willing to do otherwise. the association of breastfeeding with child IQ at age 5 based on a sample from the Danish National Birth Cohort, the Lifestyle During Pregnancy Study. The study tackles the major topic of breastfeeding, concluding that breastfeeding (durations of breastfeeding of over one month compared to less than one month) may be beneficial in terms of child IQ at age 5. The results of this study are in line with the body of evidence in this research topic. However, there are several issues that need to be addressed for this study to be methodologically sound.
Major comments
The most important concern about this study is the vast amount of information that is not presented. The authors performed a large number of analyses performed and yet they only presented the results of two of the analyses. There are at least 10 more analyses (or supplementary analyses) that are only mentioned in text without specific, accompanied with the phrase "data not shown". At its current form this study lacks transparency. Not presenting the results and only stating that "associations were generally not statistically significant" can be considered as reporting bias. All these analyses could at least have been presented in supplementary tables or figures.
Author reply: We agree with the reviewer that several analyses are given in text, and a few are stated as 'data not shown'. In correspondence with this comment, and comments of the reviewers above, we have now added more detail on the results given in text (please refer also to our responses to the reviewer comments given above, where more detail is given on several of these changes and additions to the manuscript), and have added two more tables to the manuscript. The tables presented in the manuscript, which was submitted contained all the results from the main analyses that were decided upon a priori in our strategy of analysis. All other analyses were supplementary analyses, or sensitivity analyses, and are therefore presented mainly in text. Now the results for verbal and performance subscales of IQ are shown in relation with breastfeeding duration in table 3;  in supplementary table 1 all results for the analysis stratified by child sex are shown. We hope that our changes and addition can be regarded as sufficient by the reviewer, and if not, are of course willing to perform further changes.
Finally, information on the key outcome variables is also missing. As the authors stated, the mean score of their sample may deviate from the expected mean 100 SD 15 of the WPPSI-R, yet this information is not clearly presented overall and in each subgroup. The same hold for the dichotomized score, the number of children in each group should have been presented. Author reply: We have now included in the second line of the results section, the mean (std) full scale IQ score is given, so that it now reads: The mean (standard deviation, std) FSIQ in the study sample was 105.3 (12.8) (p.12, l.21-22) . The mean IQ score for the reference group is given in tables 2,3 and supplementary table 1, along with the mean differences for each exposure group.
With regard to the dichotomized IQ score, this was not considered a 'key outcome variable'; in contrast it is considered a supplementary analysis, and is therefore described in much less detail, as we believe it should, in accordance with our strategy of analysis planned before conducting the analysis. However, in response to this reviewer's comment we have added further detail regarding this analysis to the manuscript, and describe the levels at which the IQ scores were dichotomized, as well as the number of children that were categorized as subnormal for the relevant scale (p.12, l.4-9).
Another major concern is the inclusion of the psychologists (testers) as a covariate in the model. Since the testers were blinded to breastfeeding duration, breastfeeding and testers are independent. Including testers as model covariate is a case of over-adjustment and although it does not necessarily introduce bias, it does affect (inflates) the estimated standard errors and confidence intervals. Furthermore, it may affect the generalizability of the results. A model's estimates should be interpreted only within the space of included covariates, thus these estimates are valid only if one of the 10 psychologists evaluates the children and therefore the estimates cannot be generalized in the population. One possible solution would be to include the testers as random effects. Author reply: We agree with the reviewer that breastfeeding and testers can be seen as independent variables to each other, and that including tester in the analyses is not likely to introduce bias. However, it may be discussed whether including the tester as a covariate in the models is overadjusting, and even though it may mean a statistical loss of power to detect subtle differences, we would like to point out that our results seem to indicate that this may not be a serious problem in our analyses. We included the testers in our analyses in order to reduce 'noise', and to try and secure internal validity, by making the results independent of the characteristic scoring method of each individual tester. In order for this to affect generalizability of our results would have to mean that the testers in our particular case will score differently than testers that were not included in our study. We do not find this very likely, and in a sensitivity analysis we included testers as random effect in our main analysis, which did not change our results with regard to the association between breastfeeding and child IQ. This has now been included in the manuscript (p.10, l.5-6).
Moderate comments Please rephrase the statement "Breastfeeding was associated with approximately 3 points higher IQ..." in the abstract conclusions. In its current form it can be misleading, as it implies a comparison of breastfeeding versus no breastfeeding. Author reply: Thank you for pointing to this. We have now rephrased the statement in the abstract conclusion, so that now it reads: 'Breastfeeding duration of 1 month or shorter compared to longer periods was associated with approximately 3 points higher IQ, but there was no evidence of a doseresponse relation in this prospective birth cohort' (p.3, l.1).
Regarding the logistic regression models, why did the authors not use a predefined cutoff for the WPPSI-R? More importantly, they do not specify what the cutoff values they used were. Author reply: In response to the reviewer's comment above, we have now changed the manuscript so that this information is added to the text. Furthermore, we have added a reference to a paper that used this particular cutoff for the WPPSI-R (p.12, l.6).
It is also unclear how can the variables gestational age and birth weight be intermediate variables since both precede breastfeeding. These should have been included in the main analyses instead of the supplementary analyses. Author reply: We agree with the reviewer, that these variables are not intermediate variables, and we have now changed this in the manuscript, please see our response to reviewer 1, who raised the same question (above).
The authors do not report the number of women that did not breastfeed. Also, the authors acknowledge the fact that breastfeeding and no breastfeeding women may have different characteristics, yet they did not perform an analysis excluding women that did not breastfeed at all. Author reply: Thank you for pointing to this. In the LDPS there were only 6 women who did not breastfeed at all. This reflects the fact that by far the major part of mothers in Denmark breastfeed their children. Women who may have wished to breastfeed, but who for one reason or another (for example following a difficult birth with large blood loss, or other complications) struggle and give up breastfeeding during the first days or weeks, may be different from those who initially chose not to breastfeed. However, since these were very few women (only 6 in our study sample), we did not include these analyses in our manuscript, but upon the request of the reviewer, we have now changed this and mention these analyses along with other supplementary analyses. We agree that many supplementary analyses are mentioned in text without being showed in tables or figures, but upon inspection of the tables below showing the results after exclusion of those women who did not breastfeed, I hope that the reviewer will agree that these results do not need to be shown as supplementary material, and are sufficiently described in the manuscript (p.14, l.7-10). 3. P-value for the hypothesis of no trend in IQ-scores across levels of exposure 4. P-value for the hypothesis of no difference in IQ-scores across levels of exposure, categorical test Table: Maternal IQ among 1379 women from the Lifestyle During Pregnancy Study in association with breastfeeding duration, excluding those who never breastfed their child
The authors concluded that there is evidence of non-linearity based on a cubic spline model. Why did they not present those results? Those would be more informative than just the dichotomization of breastfeeding duration. Author reply: (same response as to reviewer 1, who raised the same point): We have inserted a figure showing the spline model below. Due to the nature of the association, the subtle differences in IQ according to breastfeeding duration (with differences in the magnitude of 1-3 points), we do not find that the figure adds to the description and interpretation of the results. When considering this figure, please note, that the data points are quite sparse after 15-16 months duration of breastfeeding, and therefore should be disregarded. The main reason for performing the spline analysis was to determine whether a non-linear model would show a better fit compared to the linear model, as given in the manuscript p.14, l.3-5. Regarding the restricted cubic spline model, although it may be reasonable for one to assume that they are equally placed at the 25th, 50th, and 75th percentiles, the actual position of the 3 knots is not stated. A different choice of knots may have an impact on the observed association. Author reply: The assumption is quite correct, and we agree that this information should be made explicit. Therefore this has now been added to the manuscript (p.11, l.5).
Breastfeeding duration
Unless the authors refer to the 7-9 and 10+ months of breastfeeding groups as "longer periods", which they should have clearly stated in the text, the second paragraph of the results seems entirely inaccurate when looking at the results presented on table 1, In fact, when comparing the <1 months group to the 2-3 and 4-6 months groups, the associations are inverted for most of the variables described in that paragraph. Author reply: We agree that for the intermediate groups the picture seems less clear, and we have now explicitly stated in the text, that the differences mentioned are for the comparison between breastefeeding for less than one month compared to 7-9 months or more (p.13, l.3-4).
In Table 2 ( 2.03, -0.38-4.44 ). P13 l.50: please see comment above. I suggest the authors add the name of the statistical test, the test statistic (effect size) in addition to the p value. P14 l.11: could the author please clarify how these models were compared statistically instead of providing the p value only. P14 l.20: please add number of mother-child pairs who had never breastfed as you have done in the article summary. P14 l.44: I generally think that if the authors describe their findings, they should also provide the corresponding numbers (for instance, in the supplementary material). This was also mentioned by one of the other reviewers during the initial peer-review. Discussion P14 l.60: this should read "3-point difference in IQ". Table 2 I suggest replacing "mean difference" with beta coefficient as this terminology is particularly tricky for breastfeeding as continuous predictor (see also earlier comment). Legend 3: should state "hypothesis of coefficient = 0" or "hypothesis of no linear relationship/association" because "levels" is more appropriate for a categorical explanatory variable. Legend 4: the categorical test presumably is an F-test in this case?
REVIEWER
Georgios Markozannes
PhD student in Epidemiology, Department of Hygiene and Epidemiology, University of Ioannina School of Medicine, Greece REVIEW RETURNED 29-Jan-2019
GENERAL COMMENTS
I would like to thank the authors for their diligent work on answering the editors' and reviewers' comments. The methodology is clearly described and the results are clearly presented. I only have two minor comments.
I believe that it would be nice if the authors also included a small sentence in the discussion about the effect of breastfeeding for more than 6 compared to less than 6 months, which implies that adhering to the recommendations of the WHO a beneficial association still exists. p13 line 9-11: The authors state that "Mean IQ was slightly higher for girls compared with boys (data not shown)." I believe these values are now presented in supplementary table 1. I believe that it would be nice if the authors also included a small sentence in the discussion about the effect of breastfeeding for more than 6 compared to less than 6 months, which implies that adhering to the recommendations of the WHO a beneficial association still exists.
VERSION 2 -AUTHOR RESPONSE
Author reply: We agree with the reviewer that this point is relevant to include in the discussion. We have now added the following to the second last paragraph of the discussion: 'Furthermore, our finding of a somewhat lower, but still significant difference of 1.6 IQ point between those breastfed for 6 months or longer compared to shorter durations underlines the advantage of adhering to the recommendations of the WHO of continued breastfeeding beyond 6 months of age. ' (p.19, l.10-13 (p.10, l.6-14) .
In addition to the analysis for table 1, we used chi2 tests for the dichotomized outcomes in supplementary analyses, as we have now described in the text (p.12, l.5-6).
P2 l.57: the conclusion, as currently stated in the abstract, seems to contradict the results of the present work; it should read "approximately 3 points lower IQ" or, alternatively, the authors could state that "breastfeeding duration of at least 2 months is associated with approximately 3 points higher IQ than breastfeeding duration of 1 month or shorter".
Author reply: This is a mistake made by us in the revision, and we thank the reviewer for pointing this out. We have now changed the wording in accordance with the suggestion by the reviewer.
Article summary P3 l.23: please also add the denominator here.
Author reply: We have now added the denominator, so that the sentence now reads: 'Very few women did not breastfeed (6/1385 or 0.4%) (p.3, l.9).
Data sharing statement I suggest the authors include their response to my initial comment on data availability in the manuscript.
Author reply: We agree with the reviewer that this could be an option; however the information on data sharing is compulsory in the scholar one submission system, and I therefore prefer to follow the style of the journal and therefore an editorial decision whether or not this should be included in the manuscript text. After reviewing other papers based on observational cohorts, it is my impression that this is not usually done, or expected.
Methods P10 l.34: please state that these tests of associations refer to continuous sample characteristics with categorical breastfeeding duration (F-tests) and categorical sample characteristics with categorical breastfeeding duration (chi-square tests). It seems somewhat confusing otherwise, as the authors talk about child IQ at the outcome just before.
Author reply: In response to an earlier comment of the reviewer we have changed this wording, and hope that it is now clearer which tests are used for which analyses.
P10 l.48: I suggest the authors consider using different terminology instead of "mean differences" as they are examining the association between IQ and breastfeeding duration in a regression model and this terminology is more commonly used when comparing groups becomes trickier when the authors examine breastfeeding duration as a continuous explanatory variable).
Author reply: We agree with the reviewer, that the differences that we present are based on the regression models, and not merely on comparison of means between groups. In response to this comment we have deleted the term 'mean' from the sentence pointed out here by the reviewer. Furthermore, in the tables we have changed 'Mean difference' to 'Regression β'. Since these β-values actually do refer to the difference in IQ score between groups with respect to the categorical variable breastfeeding duration, in the text we refer to these values as differences in IQ. This is in line with other papers adressing the same topic in similar analyses, for example the paper by Victora et al (2015) Author reply: We thank the reviewer for this comment and will make this clearer. The value given in table 2 (101.39) is not the mean IQ of the study population, but the intercept of the equation for the linear regression model (the α coefficient), and we agree that the column name may be confusing. We have therefore changed this in tables 2, 3 and supplementary table 1, so that the column name in question is now given as 'Regression α'.
P13 l.4: Table 1 indicates 32.4% smoking during pregnancy rather than 31.3%.
Author reply: Thank you, these numbers have been corrected in the text (p.13, l.1).
P13 l.6: percentages presented here are not for married but for single mothers.
Author reply: Thank you, these numbers have been corrected in the text (p.13, l.2).
P13 l.16: it is not obvious from Table 1 that women who breastfed for <= 1 month had shorter education and lower birthweight than those with 7-9 or >10 months breastfeeding.
Author reply: For parental education and birthweight z-score this is indeed true for the comparison of the extreme groups, but we agree that for these two variables the group 7-9 months duration of breastfeeding is not exactly similar to the highest group. We have now deleted these variables from the sentence pointed out by the reviewer, and have added the following sentence in continuation hereof: 'Duration of parental education and birthweight z-score was highest for children breastfed for 10 months or longer, and lowest for those who were breastfed for 2-3 months' (p.13, l.6-8).
P13 l.25: include "data not shown" after "postnatal smoke exposure". Author reply: With the amendments now made to the methods section describing the statistical tests used in the analyses we think that this has been made clearer. Furthermore, we have moved the sentence on the findings from the analysis of breastfeeding as a continuous variable, so that the effect estimates for the respective breastfeeding duration groups are now presented alongside the test for overall significance of the variable. Other amendments have also been made, in response to comments below, so we hope that our presentation of results has now become clear.
P13 l.36: Table 2 shows a p value of 0.58 for the adjusted model instead of 0.68 which the authors stated in the text. I would generally include the beta coefficient and 95% confidence interval here instead of or in addition to the p value.
Author reply: We have changed this, and now present the β and 95% CIs, rather than p-values (p.13, l.21).
P13 l.41: "1.90 (95% CI -0.59;4.38)" is different from corresponding value reported in Table 2 (2.03, -0.38-4.44).
Author reply: Thank you for pointing this error out, which we have now corrected. The estimate and confidence interval given in the text referred to an older version of the analysis, and we apologise for the confusion.
P13 l.50: please see comment above. I suggest the authors add the name of the statistical test, the test statistic (effect size) in addition to the p value.
Author reply: We have added a description of the test performed, as follows (F-test categorical test for overall association omitting mother-child pairs with breastfeeding <=1 month, p=0.21). (p.13, l.23-24).
P14 l.11: could the author please clarify how these models were compared statistically instead of providing the p value only.
Author reply: We apologise, if this is not quite clear, and have added to the description of the model test: 'To test for deviations from linearity, we used a likelihood ratio test (P curvature, F test) to compare the linear model with a model fit that was based on restricted cubic splines'. Rather than adding this to the results section we added this to the methods section (p.11, l.3-5) .
P14 l.20: please add number of mother-child pairs who had never breastfed as you have done in the article summary.
Author reply: We have added the number of mother-child pairs who had never breastfed as in the article summary.
P14 l.44: I generally think that if the authors describe their findings, they should also provide the corresponding numbers (for instance, in the supplementary material). This was also mentioned by one of the other reviewers during the initial peer-review.
Author reply: We agree with the reviewer, and in response to the previous reviewer comments we have added two more tables and several specific results from supplementary analyses to the manuscript text as well, which was evaluated as sufficient for the other 3 reviewers, and we hope that this can be the case here as well. Results from supplementary analyses and sensitivity analyses, that are given in text need not be presented in supplementary tables as well; however, if the reviewer wishes some specific sensitivity analyses be shown, that are not already given in the text, we are of course willing to do so. Discussion P14 l.60: this should read "3-point difference in IQ".
Author reply: Thank you, we have changed the wording accordingly. Table 2 I suggest replacing "mean difference" with beta coefficient as this terminology is particularly tricky for breastfeeding as continuous predictor (see also earlier comment).
Author reply: This has been changed, see response to earlier comment,.
Legend 3: should state "hypothesis of coefficient = 0" or "hypothesis of no linear relationship/association" because "levels" is more appropriate for a categorical explanatory variable.
Author reply: We agree with the reviewer that the term 'levels of exposure' might be misinterpreted as a categorization, and have changed the table footnote accordingly. It now reads 'P-value for the hypothesis of no linear trend in IQ-scores across exposure as continuous'. Furthermore, we think that this has been made clearer with the amendments made to the methods section describing statistical tests used in the analyses.
Legend 4: the categorical test presumably is an F-test in this case?
Author reply: Yes, this is the case, and as stated in our response to the comment above, we think that this has been made clearer with the amendments made to the methods section describing statistical tests used in the analyses.
